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Co-evolution based Mixed-Variable Multi-Objective Particle Swarm
Optimization for UAV Cooperative Multi-Task Allocation Problem
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Abstract In recent years, the multi-aircraft cooperative control system of UAV has been widely used in many
application fields, such as military strike, ocean monitoring, aerial photography on land and disaster detection. In
order to describe UAV cooperative multi-task allocation scenarios more accurately, this paper proposes a UAV
cooperative multi-task allocation model (M-CMTAP) that considers multiple constraints and multiple
optimization objectives simutaneouly, which involves mixed decision variables and multiple constraints. These
constraints describe the relationships in the complex decision variables in the actual military scenarios, including
UAV resource constraint, UAV type constraint, mission execution sequence constraint and multi-aircraft
cooperation constraint, etc. In M-CMTAP, two optimization objectives are taken into account, i.e., the total flight
range of the UAVs and the completion time for all missions. The shortest flight range of the UAVs means that the
UAVs consume the least flight resources during the mission, while the minimum completion time for all
missions ensures that the entire military mission can be completed quickly. In order to solve this M-CMTAP
model more efficiently, this paper proposes a co-evolution based mixed-variable multi-objective particle swarm
optimization algorithm named C-MOPSO. C-MOPSO firstly adopts the mixed variable coding method to
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represent the task allocation, where some discrete variables represent the allocation relationship between the
tasks and the UAVs, while some continuous variables and some other discrete variables represent the resource
consumption of the UAVs during the mission. In order to generate feasible particles satisfying various constraints,
a feasible solution initialization method with constraint processing is further proposed. And a structure learning
based reproduction method is then employed to update to update the particles to improve the diversity and
convergence of the population. The structure learning based reproduction method learns the historical structural
information of good solutions and the corresponding structure length can help keep good convergence and
diversity of the population. After getting the position vector of the good solutions, it sequentially adds new task
numbers, UAV numbers and resource consumption values satisfying the constraints, until all tasks have been
allocated to the UAVs and completed. At the same time, in order to further improve the search efficiency of the
algorithm, this paper introduces the idea of co-evolution to design the search strategy, and different populations
exchange search information through the way of co-evolution. In C-MOPSO, the co-population co-evolves with
the particle swarm, and the fast non-dominant sorting method is also adopted to select the first N dominant
particles from the fusion population which composed by the co-population and the particle swarm to update the
Pbest. Due to the co-evolution based population search strategy, it can balance the diversity and convergence of
the population well, which can help to generate better particles, so as to obtain better solutions. In order to verify
the effectiveness of C-MOPSO, four representative M-CMTAP test cases are designed based on different UAV
distributions and mission distributions. The experimental results on the four representative test problems show
that, compared with some state-of-the-art co-evolution based algorithms, the proposed algorithm C-MOPSO

outperforms others on convergence efficiency and diversity of solution sets.

Key words co-evolution; particle swarm optimization; mixed-variable optimization problem; multi-objective
optimization; UAV cooperative multi-task assignment problem
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IFRMAMTEAES M, M, . 85, WA HiR R
1T 45 AT AEAE 55 M, AT M, 3% 20 B 45 5 T8 AL
U, 47, U, BATHT 4 RPHE S M, BT M (10T
] 43 599 5.5 1 16.5 > BALT ] .
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BE. 5 34TRE ITRR T IITZESFHK LA
MLEE RS R . O T C AN, %10
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i) & P=(MN,UN,C)
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1:WHILE Hix&EA T#¢ DO
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WINEUL S S5 17 2 MN

3:  IF My 2% MT, €{Observe,Evalute} THEN
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5: BEALAE B TE AN Ui BATAT 55 My BB RT3 6 CF

6: ELSE
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9: ENDIF
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12: IF RS, <0 THEN
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14: ENDIF
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17: ENDIF
18: END WHILE
19: RETURN P
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IMAMES PIRES, PR a] DU ) 42 T SR AR ik
PRSI R TWHLLANR; 4 HTZYHb
TIE RGBT S5 PAT T AR IR AT 55, AEHEAS
125 BT BAT 553 SE AT, AT A2 s
METTEANIAT, A BT SS o Fe T RIS 247
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END IF
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11: ENDIF
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BRI T HIRAMERE R, ERSFH TS
MARRIE S, TR0 T T 2 At [,
1T Pbest CRAFIH SR FE R4, £ T Pbest A2 i)
Pop 5 Co-Pop Rilt& Az il T A et i L4 b f B
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CPSOFE™" CMPSOF™" | CoMOLS/DF™" | C-MOPSO
Reference source not Reference source not Reference source not
found. found. found.
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Background

The UAV system composed by multiple UAVs has been
widely applied in military strikes, scientific research and
observation. The UAV cooperative multi-task allocation
problem model (CMTAP) describes the scenario of assigning
tasks to UAVs and UAV path planning. Studying the
algorithm to solve this model can help researchers to dispatch
UAVs more scientifically and reasonably. However, solving
this model is challenging. On the one hand, the model is a
combinatorial optimization problem. It is difficult for existing
algorithms to solve the problem effectivetly in a limited time;
on the other hand, the model includes mixed variables, which
increases the complexity of the problem space and increases
the difficulty to solve this problem.

Therefore, in this paper, we introduced the co-evolution
strategy and proposed a co-evolution based mixed variable
multi-objective particle swarm optimization algorithm
C-MOPSO. C-MOPSO adopts an encoding scheme based on

task assignment and path planning to represent the task

machine learning and intelligent
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assignment results and path planning results of the UAV and
a constraint handling based feasible solution initialization
method to generate feasible particles efficiently. In
C-MOPSO, a structure learning based reproduction method is
employed to update the particles and the co-evolutionary
population retained by C-MOPSO will co-evolve with the
particle swarm to update the historical optimal population.
Compared with three state-of-the-art co-evolutionary based
algorithms on four test cases, the experimental results show
that C-MOPSO outperforms the others.
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